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A high Ni-steel was developed for both high-strength and -toughness for cryogenic temperature
applications [1]. High-Ni steels are used for severe working conditions, such as blast-resistant naval ship
hulls or decks and liquefied natural-gas (LNG) tanks. Even though this particular high-Ni steel possesses
excellent static properties, a thermoplastic instability in the form of localized shear bands is a major
concern for high-speed deformation conditions. The adiabatic shear-band (ASB) is a specific type of
deformation in a narrow zone that occurs at a high strain-rate with a significant localized temperature
increase [2]. There isn’t sufficient time for thermal diffusion from a local volume, resulting in a
significant temperature increase in a localized zone. This results in the suppression of work hardening
and localized softening occurs, which can cause material failures. Atomic-scale observations indicate
grain segmentation, growth and solute redistribution at ASBs, which are caused by a severe deformation
and local temperature increase on a short time-scale [3]. The interaction between solute atoms with
dislocations and grain boundaries (GBs) is the source of the instability of mechanical properties. The
temperature increase causes segregation of solute atoms at dislocations and GBs, and the supersaturation
of solute may be sufficiently high for precipitates to nucleate.

The current research explores the ferrite-austenite phase transformation and atomic-scale
redistribution of solute atoms at an ASB. The ASB is analyzed by correlative experiments: electron
backscatter diffraction (EBSD), transmission electron microscopy (TEM), atom-probe tomography
(APT), and the thermodynamic and kinetic calculations. The material studied has a nominal composition
of 0.32C-0.04N-0.61Mn-0.41Si-0.13Cu-0.64Cr-0.64M0-0.08V-0.005Nb-9.75Ni- Bal. Fe (at.%). The
dynamic compression deformation tests with strain rates of 2800 s™, employing a split-Hopkinson
confirmed that this alloy forms ASBs.

Fig.1 displays the results of correlative experiments employing SEM, TEM, EBSD, and 3-D APT to
study a specific region of interest of a shear band, failure area or crack tip in the high-Ni steel. The width
of the shear band in front of the crack tip is about 10 um as observed by SEM, Fig.1(a). The crack has
propagated along the ASB. The local temperature increase, with a hot-spot region developing in the
ASB, facilitates nucleation of voids and ductile fracture occurs within the ASB. Fig.1(b,c) display a
plan-view bright-field (BF) TEM image and a high-resolution EBSD map in the ASB region after using
the dual-beam FIB microscope lift-out preparation technique to target the rectangular region indicated in
Fig.1(a) for analysis. These TEM and EBSD analyses illustrate the change of grain shape across the
ASB: from elongated lamellar grains to equiaxed grains with high misorientation angle as the center of
the shear band is approached. This transition from elongated lamellar grains to equiaxed small grains is
indicated by a white or blue dotted line in Fig. 1(b) or (c), respectively. The breakdown of deformed
elongated grains into smaller grains or subgrains is an important process in ASB formation. Fig. 1(d,e) is
a correlative analysis by TEM and 3-D APT of equiaxed small grains in the core of an ASB. TEM and
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3-D APT analyses indicate the redistribution of solute atoms during the ASB deformation. The analyses
intersect the dark grains in the TEM image, which are enriched in carbon (black dots in (e)) and other
austenite stabilizing elements. VVanadium-rich precipitates are also observed in the ferrite matrix in the
core of ASB. The size and the density of V-rich nitride precipitate are 5-7 nm diameter and 2.2x10% m?
respectively. The thermodynamic and kinetic behavior of VN(C) precipitation was studied by
austenite/carbonitride equilibrium model [4]. The precipitation Kinetic is accelerated by up to two orders
of magnitude faster in a severely deformed conditions during dynamic compression deformation.
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Fig. 1: The transition of the grain structure from elongated lath grains on a mesoscale and the formation of austenite phase
and carbonitride on an atomic scale are found in this correlative study using (a) SEM, (b, d) TEM, (c) EBSD, and (e) APT
analyses. Equiaxed small grains and VN-type precipitates are formed during the temperature increase in the course of the
ASB formation during high strain-rate deformation. The precipitate behavior is also understood using thermodynamic and
kinetic calculation for a steel [4].
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